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ABSTRACT⎯In this letter, we study the impact of single event 
upsets (SEUs) in space or defense electronic systems which use 
memory devices such as EEPROM, and SRAM. We built a 
microcontroller test board to measure the effects of protons on 
electronic devices at various radiation levels. We tested radiation 
hardening at beam current, and energy levels, measured the 
phenomenon of SEUs, and addressed possible reasons for SEUs. 

Keywords⎯ Radiation effect, single event upset, single event 
effect, memory device, proton. 

I. Introduction 
Heavy ions, energetic protons, and electrons produced by solar 

eruptions are trapped in the near-Earth environment. In the 
trapped regions, plasma is a low energy component of the 
charged particles, which has less than 0.1 MeV. Radiation-
hardened electronic parts are used for satellites and nuclear power 
plants since there are various radiation particles in space and other 
highly radioactive environments which may induce a radiation 
effect called single event upsets (SEUs) in electronic systems.  

Our focus here is to study SEUs as a radiation effect on 
memory devices. We created a test environment using a proton 
particle accelerator at KIRAMS (Korea Institute of Radiological 
Medical Sciences) and implemented the microcontroller test 
board which we have developed.  

II. Radiation Effects 

Generally, there are two radiation types: particle radiation 
and photon radiation. In particle radiation, the charged particles 
can be protons, electrons, α particles, ions, or neutrons. 
                                                               

Manuscript received Aug. 24, 2006; revised Oct. 04, 2006. 
This project has been carried out under the Nuclear R&D program by MOST of Korea. 
Young Hwan Lho (phone: +82 42 630 9702, email: yhlho@wsu.ac.kr) is with the 

Department of Railroad Electricity and Information Communication, Woosong University, 
Daejeon, Korea. 

Ki Yup Kim (email: kykim2@kaeri.re.kr) is with Radiation Application Team, Korea 
Atomic Energy Research Institute, Jeongeup, Korea. 

Unlike total dose radiation [1] which causes gradual global 
degradation of device parameters [2] and dose-rate radiation 
which causes photocurrents in every junction of a circuit, a 
single event interaction is a very localized effect and can lead to 
a seemingly spontaneous transient within a region of the circuit.  

The total ionizing dose that impinges on semiconductor 
devices can be caused in a natural environment such as Van 
Allan Belt [3], which is a region of charged particles trapped by 
the earth’s magnetic field. In most cases, Van Allen protons and 
electrons are the primary radiation problem for spacecraft. The 
maximum proton flux is about 1×104 protons/cm2, which 
converts to 0.001 rad/s [4]. The electron flux is around 1×1010 
electrons/cm2 [3], which changes to about 0.028 rad/s at the 
worst altitude. In the event that a solar flare occurs, the proton 
flux may increase by several orders of magnitude for a few days. 
The total ionizing dose can also be caused by x-rays and gamma 
rays engendered by a nuclear weapon detonation. 

The upset rate calculation depends on knowing the linear 
energy transfer (LET) dependence of the device sensitivity. The 
result of an SEU test provides a user with the information 
needed to accurately predict the SEU rate. The basis of any 
SEU rate calculation is the cross-section )(σ  as a function of 
LET and the LET is the LET0 sec θ. The LET0 is defined as the 
LET at normal incidence to SRAM and EEPROM. 

The cross-section is given by  

σ = (N/F) sec θ,                  (1) 

where N is the number of errors, F is the fluence, and θ is the 
angle of incidence of the particle beam.  

In this work, upsets were observed until latch-up occurred. In 
fact, SEU is the most common type of single event effect.  

III. Implementation of Microcontroller Board 

1. Hardware Structure 

The microcontroller test board, as shown in Fig. 1, can be 
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thought of as a small computer. The basic structure includes 
input, output, control, and memory equipment. The operation 
and control equipment comprise the CPU. The circuit of the 
microcomputer [5] executes the processor functions with an 
ATmega 128 chip, 74HC573 [6] as a latch dividing address 
and data, an EEPROM controlling processor, standalone 
SRAM (HY62CT08081E) or EEPROM (AT28C16) to be 
irradiated by energetic protons, 8255 to extend the bus line, and 
a 7447 to count the time and the number of upsets. Commands 
come to the CPU through the input equipment and are carried 
out. After the microcontroller test board completes the 
operation, it sends the results to the output equipment.  

2. Software Structure 

A. Initializing Functions and Memory Read/Write Routine  

 Set control commands on 8255 programmable peripheral 
interface using ports A, B, and C with 8 bits for output 
functions.  

 
 

Fig. 1. Block diagram of a microcontroller test board. 
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Fig. 2. Photo of the testing controller board.  

 Set the data table to control FND. 
 Control the time needed for delay function. 
 Initialize the RAM, and set the functions to read and 

write data at the RAM or EEPROM. 
 Count the number of upsets by controlling command for 

reading and writing data at the RAM. 

B. Main Functions 

 Assign parameters. 
 Initialize functions for 3 kinds of devices: AVR, RAM, 

and 8255. 
 Set control commands for display on FNDs  

3. Signal Flow of Block Diagram 

A. Power on Initialization 

The voltage of 5 V is applied; all other devices including 
CPU of AVR are initialized. 

B. Peripheral Initialization and Memory Read/Write Routine 

The 8255, 7447, and FND carry out the display function while 
the SRAM or EEPROM in standalone to be irradiated by 
energetic protons carry out read and write functions continuously. 

C. Upset Routine 

Three thousand random bits of 1 or 0 data are loaded onto the 
memory component, and the software program is run to count 
upsets of one-to-zero or zero-to-one in the SRAM or EEPROM 
for 300 seconds, and the number of upsets is shown in the FND. 

IV. Experiment and Results 

To experimentally study SEUs of the SRAM and EEPROM, 
the cyclotron accelerator at KIRAMS was utilized. The 
maximum energy of the accelerator was 50 MeV and the beam 
current was 3 nA to 20 µA. A commercial-grade Hynix SRAM 
and an ATmel EEPROM, attractive candidates for space 
applications, were irradiated with energetic protons to study 
resulting SEUs. A monitor with remote camera equipped to 
check upsets was put outside the experiment room. The SRAM 
and EEPROM were handled by suitably complex software 
during irradiation.  

The testing microcontroller board shown in Fig. 2 was 
manufactured by researchers at Woosong University, Korea. It 
is surrounded by plumbum blocks to protect the proton 
particles of about 1×1013 particles/cm2. 

When the energy of 30 MeV and a beam current of 1 µA was 
irradiated, the number of upsets was up to a maximum of 8 for 
290 seconds. The number of upsets increased exponentially as  
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Fig. 3. Number of upsets (1→0) under 30 MeV energy and 1 µA 
beam current. 
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Fig. 4. Number of upsets (1→0) under 30 MeV energy and 2 μA 
beam current. 
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shown in the exponential curve in Fig. 3. 

When the energy of 30 MeV and the beam currents of 2 µA 
and 3 µA were applied, the number of upsets reached 9 for the 
shorter times of 93 and 54 seconds as shown in Figs. 4 and 5, 
respectively. When the beam current was greater than 3 µA, the 
SRAM was latched up. This indicates that the threshold level is 
3 µA. Also, it was observed that as the beam increased, the 
upset time decreased drastically.  

From Figs. 3 and 4, it may be noted the upset time was very 
long and the penetration time to upset the content was nonlinear 
as the beam currents were just 1 µA and 2 µA, respectively, 
though the proton energy remained the same at 30 MeV. 

Figure 5 reveals that 8 upsets were reached in just 50 
seconds for the 3 µA beam current compared to 1 µA beam 
current for which it took 6 times as long (about 290 seconds). 
This is shown in Fig. 3. 

Upsets are directly related to the beam current which settles 
linearly [7] as it increases. However, in the EEPROM test 
which was carried out under the same conditions as the SRAM 
test, the same number of upsets did not occur. 
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Fig. 5. Number of upsets (1→0) under 30 MeV energy and 3 µA 
beam current.  

V. Conclusion 

The controller board was implemented with an ATmega 128 
processor. When the proton energy of 30 MeV at a beam current 
of 3 µA was applied from the cyclotron accelerator of KIRAMS 
to the commercial Hynix SRAM, the number of upsets increased 
linearly as shown in Fig. 5, which satisfies (1). Moreover, the 
number of upsets was not as high in the ATmel EEPROM test 
under the same energy and leakage current as in the SRAM test 
since the resin of the EEPROM is thicker than that of the SRAM. 

The proposed test method provides a simple self-inspection 
program for interface and operation during proton irradiation. 
The results turned out to be quite successful. Our experiment 
establishes the basis for a test method for SEUs, one of the 
most important issues in radiation-hardening technology. 

References 

[1] Y.H. Lho and K.Y. Kim, “Radiation Effects on the Power MOSFET 
for Space Applications,” ETRI J., vol. 27, no. 4, Aug. 2005, pp. 449-
452. 

[2] Y.-K. Cho, T.M. Roh, and J. Kim, “A New Strained-Si Channel 
High Voltage MOSFET for High Performance Power 
Applications,” ETRI J., vol. 28, no. 2, Apr. 2006, pp. 253-256. 

[3] 1997 IEEE Nuclear and Space Radiation Effects Conference Short 
Course, July 1997. 

[4] Radiation Effects Research Program at IUCF Newsletter, Indiana 
University Cyclotron Facility, Mar. 2003. 

[5] S.B.Jeong, et al, Microprocessor Application for Robots, Sehwa, 
Seoul, 2000 (in Korean). 

[6] D.Y. Yun, Master the AVR ATmega 128, Ohm, Seoul, Aug. 2004 (in 
Korean). 

[7] T. Weatherford, “From Carriers to Contacts, A Review of SEE 
Charge Collection Processes in Devices,” Proc. IEEE NSREC, July 
2002, pp. IV-1–IV-53. 


	I. Introduction
	II. Radiation Effects
	III. Implementation of Microcontroller Board
	1. Hardware Structure
	2. Software Structure
	3. Signal Flow of Block Diagram
	IV. Experiment and Results
	V. Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


